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THERMAL A	ALYSIS OF  
 
	ATURAL CO	VECTIO	A A	D RADIATIO	  
 
I	 POROUS FI	S 
 
MEHULKUMAR G. MAHERIA 
 
ABSTRACT 
 
In this study, the effect of radiation with convection heat transfer in porous 
media is considered. The study is conducted on a rectangular profile fin. The porous 
fin allows the flow to infiltrate through it and solid-fluid interaction takes place. This 
study is performed using Darcy’s model to formulate heat transfer equation. To study 
the thermal performance, three types of cases are considered viz. long fin, finite 
length fin with insulated tip and finite length fin with tip exposed. The theory section 
addresses the derived governing equation.  The governing equation is single non-
linear second order ordinary differential equation. In this governing equation thermal 
conductivity (k), fin thickness (t), Stephen-Boltzmann constant (σ), emissivity(), fin 
length (L), temperature difference (∆t) were grouped into one single parameter called 
(G).  Some operating parameters such as (Ra) number, (Da) number, thermal 
conductivity ratio (kr) and length to thickness ratio on the temperature distribution 
along the fin were also grouped into one single parameter called . The effects of , 
G and  with respect to dimensionless temperature distribution are plotted. Three 
different cases are studied and the results along with the effect on Biot number are 
shown in tables and plotted in graphs. Data analysis suggests that study model with 
radiation transfers more heat than a similar model without radiation. 
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CHAPTER I 
I
TRODUCTIO
 
 
1.1 Background: 
High rate of heat transfer with reduced size and cost is in demand for a number of 
engineering applications such as heat exchangers, economizers, superheaters, 
conventional furnaces, gas turbines etc. Some engineering applications also require 
lighter fin with higher rate of heat transfer where they use high thermal conductivity 
metals in applications such as airplane and motorcycle applications. However, cost of 
high thermal conductivity metals is also high. Thus, the enhancement of heat transfer can 
be achieved by increasing the heat transfer rate and decreasing the size and cost of fin. 
The major heat transfer from surface to surrounding fluid takes place by convection                                   
process. Therefore, the rate of heat transfer depends mainly on the following three 
parameters:- 
1) Heat transfer coefficient (h) 
2) Surface area available 
3) Temperature difference between surface and surrounding fluid 
 The value of ‘h’ depends mainly upon
average velocity of fluid over the surface. Thus
cases. 
Most of the times, the temperature diffe
Hence, a higher 
surface area. Nevertheless, increasing surface area 
dimension of the equipment and thereby increasing material cost and size of equipment. 
Consequently, the system becomes bulky and uneconomical.
Figure 1: Example of extended surfaces
Thus, the task of increasing surface area 
unchanged is achieved by increasing ‘
numbers of extended surfaces
 Different types of fins are designed and constructed using simple shapes and 
are used to implement the flow of heat between source and sink. Gene
2
 the properties of surrounding fluid and 
, it can be assumed as a constant in certain 
rence is prescribed in a given
rate of heat transfer can be achieved only by increasing the 
will result in increasing overall 
 
 
while keeping material and size 
The Effective area’ of the heat transfer. Therefore, 
 known as ‘Fins’ are provided on the base area
rally,
 application. 
 
.   
they 
 cylinder, bar 
 3
or plate shaped surfaces are used for this purpose. They provide either heat-absorbing or 
heat-rejecting surface. When the prime surface is extended by appendages intimately 
connected with it, the additional surface is known as extended surface. Figure 1 shows 
some typical examples of extended surfaces. 
Some engineering applications such as aircraft, air conditioning, gas turbine and 
cryogenic auxiliaries have placed a particular emphasis on the compactness of heat 
exchanger surface as those surfaces induce small pressure gradient in the fluids circulated 
through them.  
Compactness refers to the ratio of heat transfer per unit volume of the heat exchanger.  
Figure 2 shows some typical examples of compact heat exchanger surfaces. 
Conduction heat transfer through the fin takes place in two directions 
1) Along  the length of the  fin 
2) Radially inward and outward direction 
 The temperature gradient in the fin is along the length of fin and over every cross-
sectional area of the fin. Hence, the analysis of the fin becomes highly complicated due to 
these two directional conduction processes. 
  When temperature gradient across any cross-section is negligible, the conduction 
is assumed unidirectional, which also simplifies the analysis of the fin to a great extent. 
This type of fin is known as Pin fin.  
            Based on end condition, pin fin can be classified into following three types:- 
1) Long fin: 
    As we know, the temperature of the fin decreases along its length and reaches to the  
 4
   
Figure 2: Typical compact heat transfer surfaces 
surrounding temperature at the tip. So theoretically, at infinite distance from the base, 
fluid temperature will be same as surrounding temperature. Consequently, the 
temperature difference at the end of fin is zero. In practice when the temperature at the 
end of fin equals to surrounding temperature, one can approximate fin to be of infinite 
length, which is known as a long fin. As the temperature difference is zero at the end of 
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fin, further convection heat transfer will not be possible at the end. Therefore, even 
though the length increases, there will not be any additional heat transfer. 
2)  Finite length Fin with insulated tip:  
Theoretically, when any fin is insulated, there will be no heat transfer at the 
insulated surface. As a result, the temperature gradient at that surface will be zero. 
Practically when the temperature gradient at the tip of fin is zero, the fin is considered to 
be insulated at the tip. The rate of heat transfer is proportional to the temperature 
gradient. Hence, due to zero temperature gradient, conduction will not be possible across 
the cross section at the tip. Therefore, for this type of fin, there will be no any additional 
heat flow even if the length of fin increases.  
3)  Finite length fin with convective coefficient at the tip:   
 This corresponds to a fin that exchanges heat from the tip surrounding by virtue of 
a heat transfer coefficient. 
 
1.2 Objective of Research:   
 Fins are widely used in motorcycles and airplanes incorporating heat exchangers           
to dissipate heat. The compact size and cost of the fin with high heat transfer rate are 
very important parameters to be considered while using fins. To reduce the operating 
cost, it should have smaller weight. As a result, enhancement of heat transfer is the focus 
of current research. Mainly three types of heat transfer take place in a fin namely, 
conduction, convection and radiation. One achieves maximum fin efficiency by 
increasing heat transfer rate in the fin. Convection and conduction heat transfer are main 
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heat transferring processes considered but radiation heat transfer has significant effect on 
cooling fin while transferring maximum heat from the fin to the surrounding fluid. The 
radiation heat transfer is mainly dependent on the difference of the fourth powers of hot 
and cold body temperatures.  
The present work has been undertaken in order to investigate the effect of 
radiation on the performance of porous fins in a natural convection environment. The 
effect of  , G and   on heat transfer rate and temperature distribution have been 
determined . The effect of Biot number on heat transfer rate is also determined. Variation 
of ratio of porous fin to solid fin is also investigated in this research for radiation heat 
transfer and compared with without radiation heat transfer. 
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CHAPTER II 
LITERATURE REVIEW 
 
2.1 Review of Papers: 
  Fins are frequently used in many heat transfer applications.  Extensive research 
has been done in this area and many references are available especially for heat transfer 
in porous fins. Described below are a few papers relevant to the study described herein. 
Kiwan and colleagues (2001) conducted thermal analysis of natural convection 
porous fins. They grouped all the geometric and flow parameters that influence the 
temperature distribution in to one parameter called . Three cases of fin types were 
considered: the infinite fin, finite fin with insulated tip and finite fin with uninsulated tip. 
Further investigation of   effect for all cases revealed that increasing  by increasing 
either Da or Ra increases the heat transfer from the fin. They also found that there is limit 
to increasing both Kr and L/t that effect the heat transfer rate from the porous fin.  
Nguyen and Aziz (1992) compared the heat transfer rates from convecting-
radiating fins for different profile shapes. They used finite difference approach to study 
this performance. They used rectangular, trapezoidal, triangular and concave parabolic 
shapes to compare heat transfer rates. Their findings generated non-linear tridiagonal 
equation that was solved using Newton-Raphson scheme. The formulation shows that 
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heat transfer rate Q for a profile is function of ratio of length to one half base thickness α, 
Biot number Bi, radiation-conduction number , dimensionless convective environment 
temperature  	 , and dimensionless sink temperature for radiation 	. It was observed that 
heat transfer rates were higher for rectangular fins than those for triangular fins. Finally, 
comparing the results with concave parabolic profile revealed that the heat transfer from 
the concave parabolic is the lowest for all geometries.   
Taludkar and Mishra (2004) studied the effect of combined radiation and 
convection heat transfer in a porous channel bounded by isothermal parallel plates. Both 
the radiation Nusselt number and convection Nusselt number are reciprocal to porous 
medium shape parameter (PMSP). Upon studying the behavior of the total Nusselt 
number for all values of PMSP indicated that it is same as that for the combined radiation 
and convection heat transfer in Poiseuille flow. They found the values of Nusselt number 
for higher and lower temperatures of plates.  For hot-plate condition, the Nusselt number 
decreased along the axial length, reached a minimum value and increased again. For 
cold-plate condition, the Nusselt number decreased along the axial length and reached 
asymptotic value. They also founded results for radiation and convective Nusselt number 
values for hot and cold plates condition. For the hot-plate condition, the effect of PMSP 
on the radiation Nusselt number was smaller near the entrance region but increasing 
along the axial length. For the convective Nusselt number it was the opposite.  
Roland and Janusz (2007) studied the efficiency of horizontal single pin fin 
subjected to free convection and radiation heat transfer. For the case of constant heat 
transfer coefficient, they presented the results of numerical calculations of the 
temperature distribution for fin efficiency. These results were compared to classical 
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analytical results. The experiment was performed on two low carbon steel pin fins. One 
plate was covered with polished nickel and the other painted mat black. Length to 
diameter ratio of 35 for maintained for these pin fins. It was observed that the heat 
transfer coefficient along the horizontal pin fin decreased considerably. Importantly, they 
noted crucial variation of the heat transfer coefficient along the fin length. Therefore, the 
results of the numerical calculations as well as measurements of the temperature 
distribution were higher than the analytical results based on classical theory of fin for 
constant heat transfer coefficient.  
Mokheimer (2003) investigated locally variable heat transfer coefficient on the 
performance of extended surfaces subject to natural convection. He considered two types 
of fins: one is straight pin fin with rectangular (constant diameter), convex parabolic, 
triangular and concave parabolic profiles and another one is radial fin with constant 
profile but varying radius ratios. Local heat transfer coefficient was obtained as a 
function of local temperature using available correlation of natural convection for each 
pertinent extended surface considered. Further, he compared experimentally obtained 
heat transfer rates and numerically obtained heat transfer rate from McAdams correlation 
to validate model and computer code. This code was used to solve the heat transfer 
governing equation for three considered types of fins subject to variable heat transfer 
coefficient. Consequently, he found that deviation between fin efficiency calculated 
based on constant heat transfer coefficient and that calculated based on variable heat 
transfer coefficient increases with increasing of the dimensionless parameter m. The use 
of these results by designer of the heat transfer equipment would result in considerable 
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reduction in extended surface area for those extended surfaces, which are subjected to 
natural convection. 
Kang and Look (2007) presented optimum designs of a thermally asymmetric 
convecting and radiating rectangular annular fin. They also presented optimum fin 
designs for fixed fin height and fixed fin volume. For both the cases, they represented 
dimensionless heat transfer Q as a function of fin tip radius . It was found that the heat 
loss increases as fin tip radius and radiation characteristic number increases. Further, heat 
loss increases as surrounding wall temperature decreases. They also noted that optimum 
heat loss increases rapidly at first and then increases very slowly as fin top convection 
characteristic number increases.  
Razelos and Kakatsios (2000) determined the optimum dimensions of convecting-
radiating heat transfer fins. In addition, non-zero temperature sink, influence of 
temperature dependent thermal conductivity and emissivity were also investigated. Their 
study was divided in two cases. One is heat transfer by radiation only and another is heat 
transfer by convection and radiation. Rectangular and trapezoidal profiles were 
considered to study both cases. They conclude that optimum values of radiation aspect 
number  , D and those values of profile coefficients are uniquely determined from fin’s 
profile and that these values are independent of the specified value of either   or V. The 
data suggested that trapezoidal profiles dissipate more energy per unit volume and that 
they are thicker. Based on the overall observation, they propose that fins with an 
augmentation factor of the order of 10 are the properly designed fins.  They conclude that 
for the same thermal condition, trapezoidal fins are thicker at base since they cover more 
of the primary surface and longer height.  
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Khan and Zubair investigated the optimal dimensions of convecting-radiating 
circular fins. Using variable fin profiles, they obtained heat transfer coefficient. They 
used power-law profile that includes radiation and variable thermal conductivity and heat 
transfer coefficient. Upon graphically representing variation of the fin efficiency and 
effectiveness with ξ , it was observed that for a given volume of fin, the value of radiation 
heat transfer    for the optimal profile is more compared to the constant thickness fin.  
Yu and Chen (1997) performed a study on optimization of circular fins with 
variable thermal parameters. They considered rectangular profile circular fin for 
optimization. Three types of cases were considered: pure convection, convection-radiation 
and pure radiation. Non-linear conducting-convecting-radiating equation was solved using 
differential transformation method. For pure convection, optimum fin dimensions are 
found to be almost independent of the fin base temperature . Further, they represented 
Convection-radiation and pure radiation optimum dimensionless parameter N as a 
function of the ratio of tip radius to the bore radius of the fin. For convection-radiation 
heat transfer it was observed that the optimum fins length for higher base temperature is 
shorter than the length of the fins with lower base temperature. For pure radiation, the 
optimum fins length is almost independent of effective temperature .  
Aih (1999) studied the radiative effect on natural convection over an isothermal 
vertical cylinder embedded in a porous medium. He Obtained results for dimensionless 
temperature profiles for various values of  ξ  with constant values of surface temperature 
excess ratio H and conduction-radiation parameter  Rd .  
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CHAPTER III 
GOVER
I
G EQUATIO
S A
D CASES 
TO BE CO
SIDERED FOR SOLUTIO
 
 
3.1 Governing Equations: 
  As shown in figure 1, a rectangular fin profile is considered. The dimensions of 
the fin are length L, width W and thickness t. The cross section area of the fin is constant. 
This fin is porous to allow the flow of infiltrate through it.  
 
Figure 3: Schematic diagram of Fin profile under consideration 
The following assumptions are made to solve this problem. 
 The porous medium is isotropic, homogeneous. 
 The porous medium is saturated with single-phase fluid. 
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 The surface radiant exchange is neglected. 
  Physical properties of both fluid and solid matrix are constant.  
 The temperature inside fin is only function of x. 
 There is no temperature variation across the fin thickness. 
 The solid matrix and fluid are assumed to be at local thermal equilibrium with 
each other. 
 The interactions between the porous medium and the clear fluid can be simulated 
by the Darcy formulation. 
                                                       = 2∆( − ) 
 
 
 
! =  − " #$ !                                                       (!%∆!) =  − " #$
  
!  
                                                                                                                       − " #$ &!& ∆ 
 
                                                                                          
                                                              
                                                          ∆ 
 
Figure 4: Energy balance in fin profile. 
Now applying energy balance equation at steady state condition, 
−#$ '' +  #$
'
' + #$ 
') 
' ) ∆ − *+ ,( − ) − 2 ∈ ∆.
 −  / = 0 
                                                                                                                      ………..      (1) 
where    
*+ = 1 ∆ 2  and   3 =  4 ∆                                                                             
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 From the Darcy’s model we have,                                                                                                         
2 =  5678 ( ( − )                                                                              …………. (2) 
Therefore, the energy balance at steady state becomes  
−#$ '' +  #$
'
' + #$ 
') 
' ) ∆ − 91  ∆
:;<
2 ( ( − )= ,( − ) − 
      2 ∈ ∆. −  / = 0                                                                          
That is  
') 
' ) ∆ − 1
:;<
2#$ ,( − )
) − 2 ∈#$ .
 −  / = 0 
                   
                                                                                                                                  …………. (3)                                             
We define the following dimensionless variables: -         
 =  −  −  
 And     
4 =  4>                                                                                                                         ………… (4)                                                        
Substituting the dimensionless variables defined in equation (4) into equation (3), we 
have 
'2 
' ?2 −
>2
Δ$ (Δ$)21
:;<
2#$ ,
2 − 2 ∈#$
>2
Δ$ AB(Δ$)4D + E4 − 4FB
= 0                 
           ..... (5) 
Where 
 =  −  
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 = GH! IHJK  L
M
NO
)
 = Porous parameter 
P =  )Q∈JN >)(Δ)R  = Radiation parameter 
Where   is a dimensionless ratio of the ambient temperature to the difference of the 
base and ambient temperature. 
 is a porous parameter that indicates the effect of the permeability of the porous 
medium as well as buoyancy effects. Higher value of    indicate higher permeability of 
the porous medium or higher buoyancy forces. 
G is the radiation parameter that indicates the effect of surface emissivity of the fin. 
Hence, governing equation may be written as  
& S
 ξ& − ) − PTD + E − U = 0                                        …………. (6)                                                                                                                              
Equation (6) represents an ordinary non-linear second order differential equation. We 
considered three different cases depending upon end condition of fin. To solve this 
equation (6) we need two boundary conditions. The finite boundary condition 
corresponds to constant base temperature. 
Therefore,     (0) =1                                                                                … … … … (7) 
Here is the summary of cases to be considered for this research. 
Case 1: Long Fin ( (0) =1, (∞) =0) 
Case 2: Insulated Tip ( (0) =1 and   LSVOVWX = 0 ) 
Case 3: Finite Length Fin with Known Convective Coefficient at the Tip.    
((0) =1 and  LSVOVWX + YZ(1) = 0 ) 
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CHAPTER IV 
RESULTS A
D DISCUSSIO
 
 
The governing equation (6) is a non-linear second order ordinary differential 
equation. The equation is solved numerically using the well-known fourth order Runge-
Kutta method. Depending on the tip condition of the fin, we have three different types of 
cases:  
4.1  Long fin: 
For this case, the fin tip temperature will be almost equal to temperature of 
surrounding fluid. Therefore, the temperature difference at the tip will be almost equal to 
zero. 
Therefore, we may write 
 = 0  When   → ∞                                                                      … … …. (8) 
The boundary conditions may be written as: 
   (0) =1,   (∞) =0 
Equation (6) was solved using these two boundary conditions given by equation 
(8) for different values of   , G and . Figure 5 shows the variation of dimensionless 
temperature distribution with the axial distance along the fin when the value of   is 
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varying and values of G and  were kept constant. From the figure 5, we can see that the 
value of dimensionless temperature decreases along the fin length. It should be noted that 
as the value of   increases, the temperature decreases rapidly and the fin quickly 
reaches the surrounding temperature. As the value of   increases, the fins cool down 
rapidly.  
 
Figure 5: The distribution of axial non-dimensional temperature along the infinite 
fin for different values of   ^_. 
Figure 6 shows the results for the effect of variation of  on dimensionless 
temperature distribution. The values of  were varied from 0.01, 0.1and 0.5, while 
keeping G=0.1 and   =1. From figure 6, it is observed that variation of  has minor 
effect on temperature distribution of fin. As  increases the temperature of a given axial 
location decreases. 
 Figure 7 shows the effect of dimensionless radiation parameter G on 
temperature distribution. Here we set   =1 and =0.1.  One can observe the radiation 
effect on the fin temperature distribution as dimensionless parameter, G is radiation 
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parameter. Figure 7 shows that as the value of G increases from 0.1 to 1, the temperature 
of the fin decreases at a given axial location. 
  
Figure 6: The distribution of axial non-dimensional temperature along the infinite 
fin for different values of  `a. 
 
Figure 7: The distribution of axial non-dimensional temperature along the infinite 
fin for different values of G. 
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Figure 8: The variation of temperature gradient at the infinite fin base with 
variation of  ^_. 
Figure 8 shows variation of dimensionless temperature gradient  b(0) with   at 
fin base.  Here G and  are parameters. From figure 8, it is observed that as the value of 
cd and d  increases,   also increases and tends to increase the gradient of the 
temperature at the fin base. So ultimately heat transfer rate from the fin increases 
.Increasing L/t or decreasing Kr also increasing    and so the gradient of the 
temperature at the fin base increases. 
 
 
 
 
 
 
 
 4.2  Finite length fin with insulated tip:
For this case, the fin tip is insulated so that there will not be any heat transfer at 
insulated tip. It means the temperature gradie
Therefore, the boundary condition are given by 
(0) =1 and  LSVOVWX =
Equation (6) is solved using these two boundary conditions 
for different values of  
distance of the fin. Here we have chosen G=0.1 and 
to 100. As shown in the figure, values of both G and 
Figure 9: The distribution of axial non
fin for different values of 
plotted for increasing values of 
of   increases, there is rapid decrease in the fin temperature
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nt will be zero at that surface. 
 
0                                               ................................(9)
given by equation (
, G and . Figure 9 shows variation of temperature 
  =0.1 while   was varied from 1 
 are constant at 0.1 and graph is 
-dimensional temperature along the insulated 
^_ . 
  as 1, 10 and 100. We can clearly see that as the value 
 at a given axial location
the 
 
 
9) 
with 
 
 
. 
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Hence, as the values of   increases, the fin cools down faster and quickly reaches the 
surrounding temperature.  
 
Figure 10:- The distribution of axial non-dimensional temperature along the 
insulated fin for different values   of  `a .  
Figure 10 shows the effect of variation of   on the temperature distribution. It 
should be noted that values of G and   are constant here as G=0.1 and  =1. As shown 
in Figure 10, increase of  from 0.01 to 0.1 has negligible effect on temperature 
distribution. However, when  increases from 0.1 to 0.5, the temperature distribution 
decrease rapidly and fin cools down faster. 
Figure 11 shows the effect of the radiation parameter G on axial temperature 
along the length of fin for insulated tip condition at the end. It should be noted that values 
of G increases from 0.1, to 1 and 10 while values of   and  are constants as 1 and 0.1.  
From Figure 11, it may be inferred that as the value of G increases, the temperature at a 
given axial location decreases. 
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Figure 11: The distribution of axial non-dimensional temperature along the 
insulated fin for different values of G. 
 
Figure 12: The variation of temperature gradient at the insulated fin base with the 
variation of  ^_ . 
Figure 12 represents effect of     on gradient of the dimensionless temperature. 
As shown increases in   subsequently increases the temperature gradient from the fin 
base. Here the values of both G and  are constant as 0.1. 
 4.3  Finite length fin with known convective coefficien
For this case, neither temperature difference nor temperature gradient between fin and 
surrounding fluid is zero at the base of fin and the at the fin tip, convective coefficient is
known so  
e''4fVWX + YZ(1) = 0 
Therefore, the boundary c
(0) =1 and     LSVOVWX +
Figure 13: The variation of temperature gradient at the fin base with the variation 
of   ^_  for known convective coefficient at tip.
Equation (6) was 
Figure 13 shows the temperature gradient with variation of 
number.  It should be noted that G is taken as 10 and 
0.01, 0.1, 1 and 3. From the figure we can see that gradient temperature increases with 
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t at the tip: 
onditions are given by  
YZ(1) = 0 
 
 
solved using two boundary conditions given by 
  for different values of Blot 
 as 0.1. Biot number is taken as 
 
equation (10). 
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increase in   with variation in Blot number. As Biot number increases, the heat transfer 
rate increases. 
 
Figure 14: The distribution of axial non-dimensional temperature along the fin with 
known convective coefficient at the tip for varying Bi. 
Figure 14 shows temperature distribution along the length of fin for variation of 
Biot number. Constant values taken are G=0.1,  =0.01 and  =1. As Biot number 
increases, the temperature decreases. This implies rapid cooling as Biot number 
increases. 
The figure (15) shows results for temperature gradient along the fin length of fin 
for different Biot number values. Results are plotted for Bi=0.01, 0.1, 1 and 5 by 
considering G, and   constant as G=0.1, =0.01 and  =1. Temperature gradient is 
calculated from the base of fin to the tip of fin. The temperature gradient decreases along 
the length of fin for all Biot numbers. As Biot number increases, the heat transfer rate 
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Figure 15: The variation of temperature gradient at the fin base for known 
convective coefficient at tip. 
 
Figure 16: The distribution of axial non-dimensional temperature along the fin with 
known convective coefficient at the tip for different values of  ^_. 
along the length of the fin increases . 
The effect of   for various values of Biot number on gradient temperature along 
with length of fin is shown in figure 16. Using constant values of G and , effect of   
for various values of Biot number has been determined. G is taken as 0.1 and   is taken 
as 0.01. The results are plotted for  =1 and  =10 using varying Biot number values 
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for dimensionless temperature gradient along the length of fin. As Biot number increases, 
the temperature distribution decreases. The temperature distribution is also decreases as 
  increases. 
 
Figure 17: The variation of temperature gradient at the fin base with variation of 
 ^_ for known convective coefficient at tip. 
The effect of    on temperature gradient along the length of fin for different 
values of Biot number has been determined as shown in Figure (17). G and  are 
considered as constant and their values are taken as G=0.1 and =0.01. Result are 
plotted for   =1 and 10 with varying Biot numbers for temperature gradient along the 
length of fin. As Biot number increases, the heat transfer rate along the length of fin 
increases. As   increases, the heat transfer rate along the length of fin increases. 
Figure 18 shows effect of   for different Biot number values on temperature 
gradient along the length of fin. As the Biot number increases, the temperature decreases. 
As  increases the temperature decreases. 
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Figure 19 shows effect of  on temperature gradient for various Biot number 
values. By taking G and  , the effect of   is derived and plotted in figure 19.  Here G 
 
Figure 18: The distribution of axial non-dimensional temperature along the fin with 
known convective coefficient at the tip for different values of `a. 
 
Figure 19: The variation of temperature gradient at the fin base with variation of `a 
for known convective coefficient at tip. 
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is 0.1 and   is 1 while Biot number is varying and its values are 0.01, 0.1, 1 and 5. AS 
Biot number increases, the heat transfer rate also increases. As  increases, the heat 
transfer rate along the length of fin increases. 
 
 
Figure 20: The distribution of axial non-dimensional temperature along the fin with 
known convective coefficient at the tip for different values   of G. 
Effect of increasing G on temperature of fin along its length for various values of 
Biot number has been plotted in figure 20. G is taken as 0.1, 10 and Biot number is taken 
as 0.01, 0.1,1 and 5.    and  are taken as constant and their values are 1 and 0.01.as G 
increases, the temperature along the length of fin increases. 
As shown in figure 21, the effect of G is plotted with various Biot number values 
for temperature gradient along the length of fin.    and  are constant here with values 
as    =1 and  = 0.01. The results are plotted for various values of Biot numbers with 
increase in G from 0.1 to 10. The continuous lines shows the temperature gradient for 
 G=0.1 while dotted lines shows the temperature gradient for G=10.  
heat transfer rate along the length of fin increases.
 
Figure 21: The variation of temperature gradient at the fin base with variation of G 
for known convective coefficient 
The effect of Da on the heat transfer rate from a porous fin
without radiation is shown in figure
heat transfer rate for both the cases
heat transfer rate without radiation for any Da number. Therefore, increase in Da number 
increases    for both the cases and finally the overall heat transfer rate increases. 
transfer rate is more than the case witho
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As G increases, the 
 
at tip. 
 with radiation and 
 22. The figure shows that an increase in Da increases 
. The heat transfer rate with radiation 
ut radiation as shown in figure.  
 
is more than the 
Heat 
 Figure 22: The effect of Da on the non
tip porous fin. 
Maximum possible heat transfer rate obtained using porous fin is  
 g = −#3 L
 Maximum possible heat transfer rate obtained using solid fin is 
                            h = i3
 Therefore, ratio of porous fin to solid fin heat transfer rate is
 Writing equation in dimensionless temperature and axial distance,
30
-dimensional heat transfer rate from insulated 
   

!OVWj                                        .....................(11)
 
	(k − ∞)                                 .................(12)
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Figure 23: The variation of the ratio of porous fin to solid fin heat transfer rate with 
Kr. 
Figure 23 shows porous fin to solid fin heat transfer rate with radiation and 
without radiation obtained by Kiwan (2006). The figure also shows the variation ratio of 
porous fin to solid fin heat transfer rate with Kr. It is clear that convecting and radiating 
fin dissipate more heat than the convecting fin. Variation of ratio of porous to solid fin 
heat transfer rate increases as Kr increases for both the cases. However comparing both 
the cases of with radiation and without radiation, heat transfer rate is more with radiation 
than without radiation as shown in figure. 
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CHAPTER V 
CO
CLUDI
G REMARKS 
 
Thermal analysis of porous fin for convection and radiation heat transfer has been 
performed here. A second order non-linear ordinary differential equation has been 
derived as the governing equation for this problem. It has been solved using the  fourth 
order Runge-kutta method. It is also found that all geometric and flow parameters 
influencing the temperature distribution have been grouped in three parameters called  , 
G and  . This thermal analysis was performed on three types of fin cases: the infinite 
fin, finite length fin with insulated tip and finite length fin with known convective 
coefficient at the tip. The effect of these all three parameters has been investigated. It was 
found that increasing   by increasing either Da or Ra increases the heat transfer from 
fin. Increasing  has minor effect on heat transfer rate for all values of Biot number. In 
addition, increasing the radiation parameter G also increases heat transfer from fin for 
small values of Biot numbers.   
The ratio of heat transfer rate for porous fin to solid fin is compared for both the 
cases of with radiation and without radiation. It is found from this analysis that radiates 
and convects transfers more heat than that dissipates heat by convection only.   
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APPE
DIX A 
 
Table 1.1 Base Temperature Gradient lb(m) for Long Fin  and  
Finite length fin with insulated tip 
 
^_ G `a Long Fin -l′(o) 
Finite length fin with 
insulated tip l′(o) 
 
 
 
 
1 
 
G=0.10 
0.01 0.8637 0.6861 
0.1 0.8762 0.7021 
0.5 0.9928 0.8389 
 
1 
0.01 1.0582 0.9334 
0.1 1.1574 1.0464 
0.5 1.8901 1.8269 
 
10 
0.01 2.2111 2.1763 
0.1 2.6678 2.6413 
0.5 5.4467 5.4420 
 
 
 
 
10 
 
G=0.10 
0.01 2.5907 2.5616 
0.1 2.5951 2.5660 
0.5 2.6381 2.6100 
 
1 
0.01 2.6628 2.6351 
0.1 2.7044 2.6777 
0.5 3.0932 3.0729 
 
10 
0.01 3.2975 3.2791 
0.1 3.6206 3.6059 
0.5 5.9722 5.9690 
 
 
 
 
100 
 
G=0.10 
0.01 8.1676 8.1668 
0.1 8.1689 8.2036 
0.5 8.1824 8.1820 
 
1 
0.01 8.1907 8.1899 
0.1 8.2043 8.2036 
0.5 8.3407 8.3400 
 
10 
0.01 8.4185 8.4178 
0.1 8.5503 8.5496 
0.5 9.7810 9.7806 
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Table 1.2 Base Temperature Gradient lb(m) for Case 3 
 
^_ `a G Bi 
Finite length tip with 
Known convective 
coefficient at the tip 
-l′(o) 
^_=1 
 
0.01 
 
G-0.1 
0.01 0.6861 
0.1 0.8823 
1 1.0942 
5 1.2516 
G=10 
0.01 2.1760 
0.1 2.2012 
1 2.2491 
5 2.4648 
0.1 
G-0.1 
0.01 0.7008 
0.1 0.9021 
1 1.1019 
5 1.2637 
G=10 
0.01 2.6411 
0.1 2.6678 
1 2.6895 
5 2.8434 
0.5 
G-0.1 
0.01 0.8380 
0.1 1.0101 
1 1.1710 
5 1.3957 
G=10 
0.01 5.4420 
0.1 5.4435 
1 5.4456 
5 5.4551 
^_=10 
 
0.01 
 
G-0.1 
0.01 2.5616 
0.1 2.5850 
1 2.5999 
5 2.7155 
G=10 
0.01 3.2790 
0.1 3.2825 
1 3.3037 
5 3.3831 
0.1 G-0.1 
0.01 2.5659 
0.1 2.5840 
1 2.6043 
5 2.7191 
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G=10 
0.01 3.6058 
0.1 3.6175 
1 3.6251 
5 3.6889 
0.5 
G-0.1 
0.01 2.6099 
0.1 2.6289 
1 2.6466 
5 2.7564 
G=10 
0.01 5.9690 
0.1 5.9705 
1 5.9713 
5 5.9779 
^_=100 
 
CT=0.01 
 
G-0.1 
0.01 8.1668 
0.1 8.1670 
1 8.1675 
5 8.1700 
G=10 
0.01 8.4178 
0.1 8.4180 
1 8.4184 
5 8.4209 
0.1 
G-0.1 
0.01 8.1682 
0.1 8.1685 
1 8.1689 
5 8.1714 
G=10 
0.01 8.5496 
0.1 8.5499 
1 8.5502 
5 8.5526 
0.5 
G-0.1 
0.01 8.1820 
0.1 8.1823 
1 8.1826 
5 8.1852 
G=10 
0.01 9.7806 
0.1 9.7807 
1 9.7808 
5 9.7817 
 
 
